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Abstract  The  purpose  of  this  study  was  to  determine  the  microbiological  pro-
ﬁle  of  diabetic  foot  infections  (DFIs)  and  assess  the  antibiotic  susceptibility  of  the
causative  agents.  Data  were  obtained  from  a retrospective  analysis  of  DFI  samples
collected  from  June  2007  to  July  2008.  Specimens  were  cultured  using  optimal  aer-
obic  and  anaerobic  microbiological  techniques,  and  antibiotic  susceptibility  testing
was  performed  according  to  the  methods  recommended  by  the  Clinical  and  Labora-
tory  Standards  Institute  (CLSI).  Extended-spectrum  -lactamase  (ESBL)  production
was  measured  using  the  double  disk  synergy  test  and  the  ESBL  Etest.  A  total  of  440
patients  were  diagnosed  with  DFIs  during  this  period,  and  a  total  of  777  pathogens
were  isolated  from  these  patients  with  an  average  of  1.8  pathogens  per  lesion.
We  isolated  more  Gram-negative  pathogens  (51.2%)  than  Gram-positive  pathogens
(32.3%)  or  anaerobes  (15.3%).  Polymicrobial  infection  was  identiﬁed  in  75%  of  the
patients.  The  predominant  organisms  isolated  were  members  of  the  Enterobacte-
riaceae  family  (28.5%),  Pseudomonas  aeruginosa  (17.4%),  Staphylococcus  aureus
(11.8%),  methicillin-resistant  S.  aureus  (7.7%),  anaerobic  Gram-negative  organisms
(10.8%),  and  Enterococcus  spp.  (7%).  Vancomycin  was  the  most  effective  treatment
for  Gram-positive  bacteria,  and  imipenem,  piperacillin—tazobactam  and  amikacin
were  the  most  effective  treatments  for  the  Gram-negative  bacteria.  In  conclusion,
DFI  is  common  among  diabetic  patients  in  Kuwait,  and  most  of  the  cases  evaluated  in
this  study  displayed  polymicrobial  etiology.  The  majority  of  isolates  were  multi-drug
resistant.  The  data  gathered  in  this  study  will  be  beneﬁcial  for  future  determinations
of  empirical  therapy  policies  for  the  management  of  DFIs.
©  2011  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.  Published  by  Elsevier
Ltd.  All  rights  reserved.
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Introduction
Diabetes  mellitus  (DM)  is  a  very  serious  disease  and
a major  global  cause  of  morbidity  and  mortality.
The prevalence  of  DM  in  Kuwait  is  approximately
33.2% of  the  general  population  [1].  It  is  well
known that  patients  with  poorly  controlled  DM
are at  risk  of  developing  diabetic  complications
such as  pedal  ulcers  with  or  without  gangrene,
retinopathy,  neuropathy  and  macrovascular  com-
plications  [2].  Approximately  15%  of  patients  with
DM develop  foot  ulcers,  which  eventually  progress
to osteomyelitis  [3].  Diabetic  foot  infections  (DFIs)
are common,  complex  and  costly  complications
of DM.  In  addition  to  causing  severe  morbidities,
they account  for  the  largest  number  of  diabetes-
related hospital  inpatient  days  and  are  the  most
common  proximate,  nontraumatic  cause  of  ampu-
tations  [4,5].  Several  studies  have  investigated  the
relationship  between  the  types  of  infections  and
the number  and  types  of  organisms  recovered  from
wound infections.  These  studies  found  that  most
mild infections  are  monomicrobial  and  are  caused
by aerobic  Gram-positive  cocci  such  as  Staphy-
lococcus aureus  and  Streptococcus  spp.  Further,
they found  that  most  severe  infections  are  usually
polymicrobial  and  caused  by  aerobic  Gram-positive
cocci, Gram-negative  bacilli  (e.g.,  Pseudomonas
spp., Escherichia  coli,  Klebsiella  spp.  and  Proteus
spp.) and  anaerobes  [6].
Optimal  management  of  DFIs  can  reduce  the  inci-
dence of  infection-related  morbidities,  the  need  for
and duration  of  hospitalization,  and  the  incidence
of major  limb  amputation.  Early  identiﬁcation  of
lesions, prompt  initiation  of  appropriate  antibi-
otic therapy,  aggressive  surgical  debridement  of
necrotic soft  tissue  and  bone,  and  modiﬁcation  of
host factors  are  all  equally  important  for  a  suc-
cessful  clinical  outcome  [7].  Because  many  DFIs
are true  emergencies,  antibiotic  therapy  must  be
started immediately  to  improve  the  chances  of
limb salvage.  This  study  was  undertaken  to  study
the bacteriology  of  diabetic  foot  ulcers  and  to
assess  the  in  vitro  antimicrobial  susceptibility  of  the
causative pathogens  in  Al-Amiri  Hospital,  a  400-bed
hospital  located  in  downtown  Kuwait.  This  hospital
is a  general  tertiary  care  center  with  a  very  busy
diabetic  clinic  and  is  the  primary  center  for  diabetic
foot infection  referrals.Materials and methods
All  patients  with  DFIs  that  presented  clinically
infected wounds  or  ulcers  and  received  inpatient  or
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utpatient  treatment  at  Al  Amiri  Hospital  between
une  1,  2007  and  July  31,  2008  were  included  in  this
tudy. Patients  who  had  received  systemic  antibi-
tic therapy  for  more  than  24  h  within  the  previous
2 h  were  excluded  from  the  study.  Each  patient
as included  only  once  in  this  study.  Patients
ere clinically  assessed  and  their  foot  lesions
ere graded  according  to  the  diabetic  foot  infec-
ion severity  classiﬁcation  system  of  the  Infectious
iseases  Society  of  America  (IDSA)  [7].  Infected
ounds were  classiﬁed  as  mild,  moderate,  or  severe
ased on  the  size  (especially  of  any  cellulitis)  and
epth (or  level  of  tissue  involved)  of  the  infec-
ion and  the  presence  of  systemic  manifestations
f infection  or  metabolic  instability.
Laboratory  and  hospital  records  of  the  diabetic
atients treated  in  our  hospital  between  June  2007
nd July  2008  were  carefully  reviewed.  The  spec-
men collection  techniques  excluded  superﬁcial  or
olonizing organisms,  and  only  clinically  infected
ounds  were  included.  Only  non-duplicate  isolates
ere included  in  the  study.  Cultures  of  the  speci-
ens were  obtained  at the  time  of  admission  after
he surface  of  the  wound  had  been  washed  vig-
rously  with  saline,  followed  by  debridement  of
he superﬁcial  tissue  from  the  exudates  to  avoid
solation  of  colonizing  (rather  than  pathogenic)
ora. Specimens  were  collected  by  curettage  of
he base  of  the  ulcer  after  debridement,  needle
spiration of  the  abscess  material  and  aspiration
f material  through  the  infected  skin  and  deep  tis-
ues. All  specimens  were  Gram-stained,  and  the
acteria were  isolated  by  inoculation  of  speci-
ens on  a set  of  selective  and  non-selective  media
uch as  blood  agar  (BA;  Oxoid,  Basingstoke,  UK),
acConkey  agar  (Oxoid),  chocolate  agar  and  5%
v/v) BA  supplemented  with  vitamin  K1 (1  g/ml),
aemin  (5  g/ml)  and  gentamicin  (75  g/ml)  (GBA).
ll of  the  inoculated  plates  were  incubated
nder the  appropriate  atmospheric  conditions  for
4—48 h.  Isolated  organisms  were  identiﬁed  by  con-
entional  microbiological  methods:  API  20E  for
ram-negative  aerobes,  API  Staph  for  staphylo-
occi, API  20  Strep  for  streptococci  and  enterococci
nd API  20A  (bioMérieux,  Marcy  l’Etoile,  France)
nd GLC  (Chromopak,  CP9001,  The  Netherlands)  for
naerobes.
ntimicrobial susceptibility testing
he  antimicrobial  susceptibility  of  the  bacterial
solates was  determined  using  the  disk  diffusion
ethod, according  to  the  guidelines  of  the  CLSI
8]. Brieﬂy,  isolated  colonies  were  suspended  in
terile distilled  water  and  matched  to  the  0.5
cFarland  standard.  A  sterile  cotton  wool  swab
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Table  1  Age,  nationality  and  gender  distribution  of  the  440  patients  with  diabetic  foot  infections.
Age  (years)  Kuwaiti  (n  =  365)  Non-Kuwaiti  (n  =  75)  Total  no.  (%)  (n  =  440)
M  F  M  F
40≤  8  10  3  1  22  (5)
41—50 40 33 9 6 88 (20)
51—60 117 29 22 8 176  (40)
61—70  58  41  15  9  123  (28)
71—80  9  6  2  1  18  (4)
81—90  4  5  0  0  9  (2)
≥91  1  3  0  0  4  (1)
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(Total  237  127  5
as  dipped  into  the  inoculums  and  used  to  streak
ueller—Hinton  agar  plates  (Oxoid,  Basingstoke,
ampshire, UK)  for  Gram-negative  bacilli,  staphy-
ococci  and  enterococci  and  Mueller—Hinton  agar
upplemented  with  5%  horse  blood  for  streptococci.
ntibiotic discs  were  then  applied  to  the  surface  of
he plates.  The  inoculated  agar  plates  were  incu-
ated at  35—37 ◦C  for  18—20  h.  After  incubation,
he diameter  of  the  zone  of  inhibition  was  inter-
reted according  to  the  criteria  recommended  by
he CLSI  [8].  S.  aureus  was  tested  for  methicillin
esistance using  a  1-g  oxacillin  disc.  Reference
trains of  E.  coli  (ATCC  25922)  and  Pseudomonas
eruginosa  (ATCC  27853)  were  used  as  controls  for
ram-negative  bacteria  and  were  included  in  all
aily tests.  S.  aureus  (ATCC  25923)  and  E.  faecalis
ATCC  929212)  were  used  as  Gram-positive  control
trains.
etection of extended-spectrum
-lactamase
ram-negative  bacilli  were  tested  for  ESBL  pro-
uction  using  the  double  disc  diffusion  test  (DDT),
ollowed  by  conﬁrmation  with  the  ESBL  Etest  (AB
iodisk,  Solna,  Sweden),  as  recommended  by  the
LSI [8].  The  DDT  was  performed  using  a  stan-
ard disk  diffusion  assay  on  Mueller—Hinton  agar
Becton  Dickinson).  Disks  containing  aztreonam,
eftazidime, cefepime,  ceftriaxone  or  cefotaxime
30 g  each)  were  placed  at  variable  distances
20—30 mm  from  center  to  center,  depending  on  the
pecies) around  a  disk  containing  amoxicillin  (20  g)
nd clavulanic  acid  (CA)  (10  g).  Enhancement  of
he inhibition  zone  toward  the  amoxicillin-plus-CA
isk was  considered  suggestive  of  ESBL  production.
he presence  of  ESBL  was  conﬁrmed  using  two
ifferent Etest  strips  containing  ceftazidime  and
efotaxime,  with  or  without  clavulanate,  respec-
ively.  Isolates  of  E.  coli  and  Klebsiella  spp.  were
onsidered  ESBL  producers  when  the  ratio  of  the
(
n
P
s25  440  (100)
eftazidime  MIC  and  the  ceftazidime  clavulanic
cid MIC  or  ratio  of  the  cefotaxime  MIC  and  the
efotaxime  clavulanic  acid  MIC  was  equal  to  or
reater than  8.  Additionally,  a strain  was  considered
n ESBL  producer  if  a phantom  zone  or  a  deforma-
ion of  the  ceftazidime  and  cefotaxime  zone  was
bserved  independent  of  the  ratios  or  MICs  [8].
esults
 total  of  440  patients  with  DFIs  were  included  in
his study.  The  data  from  all  of  the  patients  are
hown in  Table  1.  Out  of  the  440  patients,  288  (65%)
ere male  and  152  (35%)  were  female,  a  male-to-
emale ratio  of  1.89:1.  The  ages  of  the  patients
anged from  37  to  91  years,  with  a  mean  age  of
6.7 years.  Among  the  total  patient  population,  432
98.2%) presented  with  type  2  diabetes  mellitus,
hereas only  8 (1.8%)  patients  had  type  1  diabetes
ellitus. The  majority  of  patients  were  Kuwaiti
ationals (82.9%).  A  total  of  777  pathogens  were
solated  from  the  440  patients,  with  an  average  of
.8 organisms  per  lesion.  The  specimens  contain-
ng clinically  signiﬁcant  pathogens  included  wound
wabs (388;  88.2%),  tissue  (34;  7.7%),  pus  (13;  3%)
nd bone  (5;  1.1%).  The  number  of  patients  graded
ased on  foot  lesions  and  the  numbers  of  bacterial
solates are  shown  in  Table  2.  The  maximum  num-
er of  organisms  was  isolated  from  moderate  foot
ounds (n =  362).  A  variety  of  organisms  were  iso-
ated from  the  DFIs,  as  presented  in  Table  3.  Aerobic
ram-negative  bacteria  were  the  most  commonly
solated pathogens  and  accounted  for  51.2%  of  all
solates. The  most  common  individual  isolates  were
. aureus  (18.5%),  P.  aeruginosa  (17.4%),  anaerobes
15.3%),  Proteus  spp.  (6.0%)  and  Enterococcus  spp.
6.0%). The  ﬁve  most  frequently  isolated  Gram-
egative  pathogens  were  P.  aeruginosa  (135;  34%),
roteus spp.  (47;  12.0%),  E.  coli  (46;  12%),  Kleb-
iella pneumoniae  (36;  9.0%)  and  Enterobacter  spp.
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Table  2  The  number  of  patients  presenting  each  grade  of  diabetic  foot  infection  and  the  number  of  bacteria
isolated  from  the  various  grades  of  diabetic  foot  lesions.
Grades  of  diabetic  foot  infection  No.
of  patients
Positive  culture  for  bacteria
1 2 >2
Mild 169 69  122  110
Moderate 193 121 54 122
Severe  78  9  40  130
Total  440  199  (25.6%)  216  (27.8%)  362  (46.6%)
P
i
o
c
s(34;  8.5%).  Aerobic  Gram-positive  cocci  accounted
for 32.3%  of  all  isolates,  and  the  most  common
were S.  aureus  (144;  57.3%),  Enterococcus  spp.  (47;
18.7%) and  S.  agalactiae  (34;  13.5%).
Analysis of  the  infected  patients  revealed  that
330 (75%)  of  the  440  patients  had  polymicrobial
infections.  Of  these,  the  most  common  isolates
were S.  aureus  in  99  (30%)  patients,  followed  by
P
b
w
Table  3  The  proportion  and  frequency  of  isolation  of  the  e
Bacteria  Total  number
N  =  777
Gram  positive  bacteria  251  
Staphylococcus  aureus  84  
Methicillin-resistant  S. aureus  60  
Other  Staphylococcus  spp. 4
Group  B  streptococci 34
Enterococcus  spp.  47
Other  streptococci 22
Gram-negative  bacteria  398  
Escherichia  coli 46 
Klebsiella  pneumonia 36
Proteus  mirabilis 47  
Enterobacter  spp.  34  
Pseudomonas  aeruginosa  135  
Non-fermenters  31  
Serratia  marcescens  18  
Morgenella  spp.  26  
Citrobacter  spp.  13  
Other  Gram-negative  12  
Anaerobes  119  
Bacteriodes  spp.  84  
Anaerobic  Streptococci  18  
Microaerop  Streptococci  11  
Fusobacterium  spp.  4  
Clostridium  spp.  2  
Candida  spp. 9  
a Proportion = percentage of isolates to the total number of isola
b Frequency = percentage of the organisms to the total number o.  aeruginosa  in  110  (33%)  patients  and  anaerobes
n 110  (33%)  patients.  Monomicrobial  etiology  was
bserved in  110  patients.  S.  aureus  was  the  most
ommon  organism  cultured  from  monomicrobial
amples and  was  cultured  from  45  (41%)  patients.
seudomonas spp.  was  the  second  most  common
acteria cultured  from  monomicrobial  samples  and
as cultured  from  25  (22.7%)  patients.  Anaerobes
tiological  agents  from  diabetic  foot  infections.
Proportiona Frequencyb
32  57
11  19
8  14
0.5 1
4 8
6 11
3 5
51  90
6  10
5 8
6  11
4  8
17  31
4  7
2  4
3  6
2  3
2  3
16  27
11  19
2  4
1  3
0.5  1
0.25  0.5
1  2
ted organisms.
f patients.
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Table  4  Antimicrobial  resistance  pattern  of  Gram-positive  cocci.
Antimicrobial  agents  Proportion  resistant  (%)
S.  aureus  Enterococcus  spp.  Group  B  Streptococcus
n  =  144  (%)  n  =  46  (%)  n  =  34  (%)
Ampicillin  59  41.0  —  —  0  0.0
Clindamycin  56  39.0  —  —  5  15.0
Cloxacillin  60  41.0  —  —  —  —
Co-amoxiclav  59  41.0  —  —  0  0.0
Erthromycin 63 44.0  40  87.0  8  23.0
Fucidic  acid 60 42.0  — — — —
Gentamicin 50 35.0  1 2.0  —
Penicillin 131 91.0  8 17.0  0 0.0
Rifampicin  1  0.7  —  —  —  —
Sulfameth/trimetho 30  21.0  —  —  —  —
Tetracycline 72 50.0  0  0.0  24  70.0
Vancomycin 0 0.0  0  0.0  0  0.0
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Tere  cultured  from  9  (8%)  patients  and  Enterococ-
us spp.  were  cultured  from  7  (6%)  patients.  The
ajority  (73%)  of  these  patients  were  infected  with
erobes only.  Infection  with  anaerobes  exclusively
as only  observed  in  nine  patients.
The antimicrobial  susceptibility  pattern  of  the
ram-positive  cocci  is  shown  in  Table  4.  Of  the
44 S.  aureus  isolates,  41.6%,  1.4%  and  36%  were
esistant  to  methicillin,  rifampicin  and  fusidic
cid, respectively.  All  of  the  S.  aureus  isolates
ere sensitive  to  vancomycin.  All  of  the  Ente-
ococcus spp.  were  susceptible  to  vancomycin,
ut 2%  and  17%  were  resistant  to  ampicillin  and
enicillin,  respectively.  All  isolates  of  S.  agalac-
iae were  susceptible  to  penicillin,  ampicillin  and
a
a
o
2
Table  5  Antimicrobial  resistance  pattern  of  Gram-negative
(n  =  440).
Antimicrobial  agents  Gram-negative  organisms  
P.  aeruginosa  Pro
n  =  135  (%)  n  =  4
Amikacin  11  8  0  
Amoxicillin  clavulanic  acid  —  —  13  
Ampicillin  —  —  21  
Cefotaxime  —  —  0  
Ceftazidime  16  12  —  
Cefuroxime  -  -  6  
Ciproﬂoxacin 28  21  6  
Gentamicin  16  12  11  
Imipenem 13  10  0  
Piperacillin 17 13  10  
Piperacillin—tazobactam  10  7  0  
Sulphonamides  Trimethoprim —  —  17  ancomycin,  but  14.7%  were  resistant  to  clin-
amycin. The  antibiotic  resistance  pattern  of
he Gram-negative  bacilli  is  shown  in  Table  5.
mipenem,  amikacin  and  piperacillin—tazobactam
ere  the  most  active  antimicrobial  agents  tested
gainst  all  of  the  isolates.  Between  23%  and  30%,
nd 13%  and  70%  of  the  Gram-negative  isolates,
ere resistant  to  amoxicillin—clavulanic  acid  and
iproﬂoxacin,  respectively.  The  antibiotic  resis-
ance pattern  of  isolated  anaerobes  is  shown  in
able 6.  Metronidazole,  amoxicillin—clavulanic  acid
nd piperacillin—tazobactam  displayed  excellent
ctivity against  all  anaerobes;  none  of  the  anaer-
bes were  resistant  to  these  antibiotics.  However,
9% of  the  anaerobic  streptococci  and  68%  of  the
 bacilli  from  the  infected  foot  ulcers  of  diabetic  patients
(%  resistant)
teus  spp.  K.  pneumonia  E.  coli
7  (%)  n  =  36  (%)  n  =  46  (%)
0  0  0  3  7
28  11  30  13  28
45  36  100  22  48
0  5  14  5  11
—  —  —  —  —
13  6  17  12  26
13  10  28  33  72
23  6  17  11  24
0  0  0  3  7
21  27  75  21  46
0  3  8  5  11
36  —  —  —  —
6  K.A.  Benwan  et  al.
Table  6  Antimicrobial  susceptibility  pattern  of  anaerobic  bacterial  isolates  from  the  infected  foot  ulcers  of
diabetic  patients  (n  =  440).
Antimicrobial  agents Proportion  susceptible  (%)
Anaerobic
Streptococci
Bacteriodes
species
Clostridium
species
Fusobacterium
species
Microaerophilic
n  =  18% (%) n =  84 (%) n =  2 (%) n  =  4  (%)  n  =  11  (%)
Amoxicillin  —  —  —  —  —  —  —  —  11  100
Ampicillin/CA  18  100  84  100  2  100  4  100  11  100
Erythromycin  18  100  25  30  —  —  —  —  8  73
Cefoxitin  18  100  84  100  2  100  —  —  —  —
Clindamycin 12  67  27  32  —  —  —  —  9  82
Metronidazoe 18 100  84  100  2  100  4  100  —  —
Penicillin-G  18  100  3  4  2  100  —  —  11  100
Piperacillin  18  100  75  89  2  100  —  —  —  —
Piperacillin/tazobactam  18  100  84  100  2  100  4  100  —  —
Tetracycline —  —  —  —  —  —  —  —  10  91
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B.  fragilis  were  resistant  to  clindamycin.  Approxi-
mately  11%  and  14%  of  E.  coli  and  K.  pneumoniae
were ESBL  producers,  respectively.  All  of  the  ESBL-
producing  isolates  were  susceptible  to  imipenem
and amikacin  and  over  92%  were  susceptible  to
piperacillin—tazobactam.
Discussion
DFIs  are  a  signiﬁcant  and  growing  problem  in
Kuwait  because  of  the  high  prevalence  of  DM  in
the Kuwaiti  population;  the  most  recent  estimate
placed DM  prevalence  at  33.2%  of  the  general  pop-
ulace [1].  This  study  highlights  the  following  salient
points: the  etiological  agents  of  DFIs  are  mostly
polymicrobial and  contain  a  mix  of  Gram-positive
and Gram-negative  bacteria,  the  contribution  of
anaerobes  to  the  infection  is  about  0.25  anaer-
obic bacteria  per  culture-positive  specimen  and
most of  the  etiological  agents  are  multiresis-
tant. Anaerobes,  when  present  in  DFIs,  are  almost
always  isolated  from  cultures  that  also  contain
aerobes. In  this  study,  even  though  polymicro-
bial infections  were  common,  the  isolation  rate
of anaerobes  was  lower  than  expected,  partic-
ularly when  compared  with  the  previous  report
by Goldstein  et  al.  [9].  This  ﬁnding  may  be  due
to the  use  of  suboptimal  collection  or  trans-
port methods  or  because  the  appropriate  medium,
which  is  selective  for  Gram-positive  anaerobes,  was
not used.  Although  previous  studies  have  shown
that Gram-positive  aerobes  are  the  predominant
pathogens in  DFIs  [10].  Gram-negative  bacte-
ria were  the  most  frequently  isolated  pathogens
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rom  our  patients.  Therefore,  the  major  infec-
ive organisms  in  diabetic  foot  ulcers  in  our
atients differ  from  those  found  in  previous  stud-
es.
Our ﬁnding  that  S.  aureus  is  the  most  common
ingle pathogen  is  concordant  with  the  majority
f studies  that  also  noted  a  high  frequency  of
. aureus  in  foot  infections  of  diabetic  patients
7,11,12]. However,  its  prevalence  in  this  report
s much  lower  than  that  found  in  earlier  reports.
oldstein et  al.  [12]  and  Kajetan  et  al.  [13]
ound 76%  and  78%  prevalence  of  S.  aureus  in
heir studies,  respectively.  This  difference  may
e explained  by  the  fact  that  the  majority  of
ur patients  had  severe  DFIs,  which  are  usually
olymicrobial in  nature,  as  opposed  to  the  milder
orms of  DFIs,  which  are  more  commonly  associ-
ted with  aerobic  Gram-positive  cocci  such  as  S.
ureus. MRSA  has  been  a  pathogen  of  concern  in
atients with  DFIs  for  almost  two  decades.  More
ecently,  the  emergence  of  community-acquired
RSA  has  been  noted  [14].  In  our  study,  the  iso-
ation rate  of  MRSA  was  almost  four-fold  higher
han MRSA  isolation  rates  in  previous  studies  per-
ormed in  Kuwait  and  Saudi  Arabia  [13,15].  This
hange  may  be  attributable  to  the  absence  of
trict guidelines  for  prescription  of  antibiotics,  the
ack of  adherence  to  infection  control  measures
n the  hospital  setting  and  an  increased  preva-
ence of  MRSA  in  the  community.  Should  this  trend
ccelerate,  it  may  affect  empirical  antimicrobial
herapy.
Streptococci  were  cultured  from  approximately
ne quarter  of  our  patients,  and  a  large  per-
entage of  the  isolated  streptococci  were  S.
galactiae. This  ﬁnding  is  hardly  surprising  because
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[ study  of  the  microbiology  of  diabetic  foot  infecti
.  agalactiae  is  a  common  DFI  pathogen  and  has
een previously  identiﬁed  by  other  studies  [9,10].
lthough  enterococci  are  considered  commensal
nd display  low  virulence,  except  in  compro-
ised patients  such  as  diabetics  in  whom  they
an act  as  opportunistic  pathogens,  a relatively
igh proportion  of  our  patients’  DFIs  were  caused
y other  organisms,  which  conﬁrms  similar  ﬁnd-
ngs previously  reported  by  other  investigators
9].
The relatively  high  prevalence  of  P.  aeruginosa
n this  study  may  be  due  to  previous  antimicro-
ial use,  lengthy  hospitalization,  chronic  wounds
nd surgical  procedures,  which  are  all  character-
stic of  patients  with  this  type  of  infection  in  our
ospital.  We  also  noted  a  relatively  high  propor-
ion of  the  Klebsiella  spp.  and  E.  coli  isolates
hat were  positive  for  ESBLs.  Compared  to  other
tudies  conducted  in  Kuwait  and  Saudi  Arabia,  we
ound that  the  prevalence  of  ESBL-producing  Kleb-
iella spp.  and  E.  coli  was  higher  in  our  population
f patients  with  DFIs  [13,15].  Thus,  this  study
mphasizes the  importance  of  routine  screening  for
SBL-producing  Enterobacteriaceae  in  clinical  lab-
ratories.
Imipenem,  amikacin  and  piperacillin—
azobactam  were  the  most  effective  antimi-
robial agents  against  aerobic  Gram-negative
acteria,  while  vancomycin  and  metronidazole
ere the  most  active  antimicrobial  agents  against
erobic  Gram-positive  cocci  and  anaerobes,
espectively.  Our  ﬁndings  demonstrate  the  impor-
ance of  careful  selection  of  antimicrobial  therapy
ased on  culture  ﬁndings  and  the  antimicrobial
ensitivity patterns  of  the  isolates.  From  our
esults,  it  is  obvious  that  ciproﬂoxacin  cannot  be
ecommended  for  use  as  an  empirical  therapy
n DFIs  because  the  drug  was  inactive  against
ost strains  of  pathogens  found  in  these  infec-
ions. For  severe  infections  and  more-extensive
hronic moderate  infections  it  is  safest  to  ini-
iate  therapy  with  broad-spectrum  agents  such
s the  carbapenems  or  piperacillin—tazobactam.
eﬁnitive  therapy  can  then  be  based  on  culture
esults, the  susceptibility  data  and  the  clinical
esponse to  the  empirical  regimen.  It  cannot  be
ver-emphasized  that  awareness  of  the  causative
rganisms  in  diabetic  foot  infections  and  their
ntimicrobial  susceptibility  pattern  is  essential  for
he implementation  of  appropriate  antimicrobial
herapy.
In conclusion,  diabetic  foot  infections  in  our
atients were  commonly  associated  with  polymi-
robial etiology;  S.  aureus  and  P.  aeruginosa
ere the  most  common  single  agents.  The  pro-
ortion  of  anaerobic  organisms  was  low.  The
[in  a teaching  hospital  in  Kuwait  7
ntimicrobial  susceptibility  data  suggest  that
mipenem  or  piperacillin—tazobactam  and  van-
omycin  may  be  appropriate  agents  for  empirical
overage. Additionally,  we  encourage  clinicians  to
ollect proper  post-debridement  specimens  for  cul-
ure and  urge  clinical  microbiology  laboratories  to
eport at  least  the  genus  of  all  organisms  recovered
rom such  specimens.
onﬂict of interest
unding:  No  funding  sources.
Competing  interests: None  declared.
Ethical approval: Not  required.
eferences
[1] Moussa MA, Alsaeid M, Abdella N, Refai TM, Al-Sheikh
N, Gomez JE. Prevalence of type 2 diabetes mellitus
among Kuwaiti children and adolescents. Med Princ Pract
2008;17:270—5.
[2] Zaini A. Where is Malaysia in the midst of the Asian epidemic
of diabetes mellitus? Diabetes Res Clin Pract 2000;50(Suppl.
2):S23—8.
[3] Ramsey SD, Newton K, Blough D, McCulloch DK, Sandhu
N, Reiber GE, et al. Incidence, outcomes, and cost
of foot ulcers in patients with diabetes. Diabetes Care
1999;22:287—382.
[4] Jeffcoate WJ, Harding KG. Diabetic foot ulcers. Lancet
2003;361:1545—51.
[5] Lipsky BA. A report from the international consensus on
diagnosing and treating the infected diabetic foot. Diabetes
Metab Res Rev 2004;20(Suppl. 1):S68—77.
[6] Frykberg RG. An evidence-based approach to diabetic foot
infections. Am J Surg 2003;186:44S—54S.
[7] Lipsky BA, Berendt AR, Deery HG, Embil JM, Joseph
WS, Karchmer AW,  et al. Diagnosis and treatment
of diabetic foot infections. Clin Infect Dis 2004;39:
885—910.
[8] Clinical and Laboratory Standards Institute. Performance
standards for antimicrobial disk tests. Approved Standards,
9th ed. CLSI Document M2-A9, vol. 26, no. 1. Wayne, PA,
USA.
[9] Goldstein JC, Citron V, Lipsky BA, Abramson MA. Bacteri-
ology of moderate-to-severe diabetic foot infections and
in vitro activity of antimicrobial agents. Journal of Clinical
Microbiology 2007;45(9):2819—28.
10] Mantey I, Hill RL, Foster AV, Welson S, Wade JJ,
Edmonds ME. Infection with foot ulcers with Staphy-
lococcus aureus associated with increase mortality in
diabetic patients. Commun Dis Public Health 2000;3:
288—90.
11] Abdulrazak A, Bitar ZI, Al-Shamali AA, Mobasher LA. Bac-
teriological study of diabetic foot infections. J Diabet
Complications 2005;19:138—41.12] Goldstein EJ, Citron DM, Nesbit CA. Diabetic foot infections:
bacteriology and activity of 10 oral antimicrobial agents
against bacteria isolated from consecutive cases. Diabetes
Care 1996;19:638—64.
[8  
[13] Kajetan M, Konkoly TM, Jermendy G. Experience
with microbiologic studies of diabetic foot. Orv Hetil
1995;136:2161—4.
[14] El-Tahawy AT. Bacteriology of diabetic foot. Saudi Med J
2000;21:344—7.
Available  online  at  wwwK.A.  Benwan  et  al.
15] Warren YA, Tyrrell KL, Citron DM, Goldstein EJ. Clostrid-
ium aldenense sp nov. and Clostridium citroniae sp. nov.
isolated from human clinical infections. J Clin Microbiol
2006;44:2416—22.
.sciencedirect.com
